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(57) ABSTRACT

The present disclosure relates to a RMS detector for directly
computing a signal detected through an analog circuit to
measure its RMS value, and a circuit breaker using the same.
For this purpose, a RMS detector according to the present
disclosure may include a plurality of voltage/current sensing
units configured to detect a voltage or current shaped analog
signal for an arbitrary load; a plurality of square circuit units
configured to compute square function units, respectively,
based on avoltage output from the plurality of voltage/current
sensing units; a summing circuit unit configured to sum a
plurality of output voltages output from the plurality of square
circuit units, respectively; and a root circuit unit configured to
compute a RMS value based on a voltage output from the
summing circuit unit.

9 Claims, 3 Drawing Sheets
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ROOT MEAN SQUARE DETECTOR AND
CIRCUIT BREAKER USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

Pursuant to 35 U.S.C. §119(a), this application claims the
benefit of earlier filing date and right of priority to Korean
Patent Application No. 10-2013-0017173, filed on Feb. 18,
2013, the contents of which is incorporated by reference
herein in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present disclosure relates to a Root Mean Square (ab-
breviated as RMS hereinafter) detector and a circuit breaker
using the same, and more particularly, to a RMS detector for
directly computing a signal detected through an analog circuit
to measure its RMS value, and a circuit breaker using the
same.

2. Description of the Related Art

In general, RMS detectors are applied to technologies for
calculating and detecting an electric power or the like in a
system for detecting the usage of electricity, gas and water
and measuring the electric power of a relay or the like, and
technologies for performing a root mean square calculation
on a current or voltage in a system having a circuit breaker
with unnecessary noise to prevent its malfunction, and the
like.

The RMS detector may include a voltage/current signal
detector for detecting a current, a voltage or the like, an
analog-digital converter for converting an analog signal to a
digital signal, a microcontroller or signal processor for com-
puting and processing the converted digital information and
controlling the entire system, and a data collector or memory
for storing the collected data.

PRIOR ART INFORMATION

Patent Document 1: Korean Patent Registration No.
10-0705548

SUMMARY OF THE INVENTION

An aspect of the present disclosure is to provide a RMS
detector for directly computing a signal detected through an
analog circuit to measure its RMS value, and a circuit breaker
using the same.

Another aspect of the present disclosure is to provide a
RMS detector for directly computing a signal detected by an
analog circuit in which the entire system is integrated through
a Complementary Metal Oxide Semiconductor (abbreviated
as CMOS hereinafter) process to measure its RMS value, and
a circuit breaker using the same.

Still another aspect of the present disclosure is to provide a
RMS detector for measuring a RMS value applicable to appli-
cation areas such as a circuit breaker that requires high-speed
RMS values or the like, and a circuit breaker using the same.

Yet still another aspect of the present disclosure is to pro-
vide a RMS detector for preventing a circuit breaker from
being malfunctioned due to noise even when noise is con-
tained in the detected voltage or current, and a circuit breaker
suing the same.

An aspect of the present disclosure as described above may
be accomplished by providing a RMS detector, comprising:
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2

a plurality of voltage/current sensing units configured to
detect a voltage or current shaped analog signal of an arbitrary
electric load, and convert the detected current shaped analog
signal into a voltage shaped analog signal upon detecting the
current shaped analog signal;

a plurality of square circuit units configured to compute
square function, respectively, based on a voltage output from
the plurality of voltage/current sensing units;

a summing circuit unit configured to sum a plurality of
output voltages output from the plurality of square circuit
units, respectively; and

a root circuit unit configured to compute a RMS value
based on a voltage output from the summing circuit unit.

Another aspect of the present disclosure as described above
may be accomplished by configuring a RMS detector wherein
the RMS detector including the plurality of voltage/current
sensing units, the plurality of square circuit units, the sum-
ming circuit unit and the root circuit unit is fabricated as an
analog circuit that is integrated through the CMOS process,
and a signal detected by the relevant fabricated analog circuit
is directly computed to measure a RMS value.

Furthermore, another aspect of the present disclosure as
described above may be accomplished by providing a circuit
breaker, including:

a voltage/current sensing unit configured to detect a volt-
age or current shaped analog signal of an arbitrary electric
load;

the RMS detector configured to compute a RMS value
based on an output voltage of the voltage/current sensing unit;
and

a comparator configured to compare the RMS value com-

puted from the RMS detector with a preset reference
voltage to control the switching operation of the circuit
breaker.

Still another aspect of the present disclosure as described
above may be accomplished by providing a RMS detector for
computing the RMS value, which is configured with an ana-
log circuit including the foregoing plurality of voltage/cur-
rent sensing units, the plurality of square circuit units, the
summing circuit unit and the root circuit unit, not to perform
computation and processing processes such as digital signal
processing using a microprocessor and process program,
thereby applying the RMS detector to application areas such
as acircuit breaker that requires high speed RMS values or the
like to enhance the breaking speed.

Yet still another aspect of the present disclosure as
described above may be accomplished by preventing a circuit
breaker from being malfunctioned since ithas a configuration
using a RMS detector for performing a root mean square
calculation on the detected current or voltage value, and addi-
tionally, a circuit breaker according to the present disclosure
has a configuration in which an output value of the RMS
detector is compared with a preset reference value by a com-
parator for a resultant output so that the circuit breaker may
not output a trip control signal responding to any noise having
higher voltage than the preset reference value.

According to an aspect of the present disclosure, the square
circuit unit comprises:

a square function unit that computes the square function;

a root function unit that computes a root function; and

a differential circuit section configured to subtract an out-
put current of the root function unit from an output current of
the square function unit.

According to another aspect of the present disclosure, the
square function unit comprises:
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a first current source having one end of which is connected
to a current supply unit, and the other end of which is con-
nected to a source of a first transistor;

a second current source having one end of which is con-
nected to the current supply unit, and the other end of which
is connected to a source of a second transistor;

the first transistor having a source of which is connected to
the first current source, and a gate of which is connected to a
voltage output terminal of the voltage/current sensing unit,
and a drain of which is connected to an output current source;

the second transistor having a source of which is connected
to the second current source, and a gate of which is connected
to the voltage output terminal of the voltage/current sensing
unit, and a drain of which is connected to the output current
source; and

the output current source having one end of which is con-
nected to a drain of the first transistor and a drain of the second
transistor, respectively, the other end of which is connected to
a ground.

According to still another aspect of the present disclosure,
the root function unit comprises:

a first current source having one end of which is connected
to a current supply unit, and the other end of which is con-
nected to a source of a third transistor, a gate of a fourth
transistor and a gate of a fifth transistor;

a second current source having one end of which is con-
nected to a gate of the third transistor and a drain of the fourth
transistor, and the other end of which is connected to a
ground;

athird current source having one end of which is connected
to the current supply unit, and the other end of which is
connected to a source of the fifth transistor;

the third transistor having a source of which is connected to
the first current source, a gate of the fourth transistor and a
gate of the fifth transistor, a gate of which is connected to the
second current source and a drain of the fourth transistor, and
a drain of which is connected to the ground;

the fourth transistor having a source of which is connected
to the current supply unit, a gate of which is connected to the
first current source and a source of the third transistor and a
gate of the fifth transistor, and a drain of which is connected to
a gate of the third transistor and the second current source;

the fifth transistor having a source of which is connected to
the third current source, a gate of which is connected to the
first current source, a source of the third transistor and a gate
of the fourth transistor, and a drain of which is connected to a
source and a gate of a sixth transistor; and

the six transistor having a source and a gate of which are
connected to a drain of the fifth transistor, and a drain of which
is connected to the ground.

According to yet still another aspect of the present disclo-
sure, the root circuit unit is configured to compute the RMS
value by the following equation based on a voltage output
from the summing circuit unit,

VLKV, 24KV 4KV 32+ 4KV, )

wherein the 1 is a constant current value supplied from a
current supply unit, the K is a trans conductance parameter,
the V,,, 2 through the V,,, * are voltages output from the plu-
rality of voltage/current sensing unit.

According to still yet another aspect of the present disclo-
sure, a circuit breaker to which the RMS detector is applied
comprises: a voltage/current sensing unit configured to detect
a voltage or current shaped analog signal for an arbitrary

electric load;

10

15

20

25

30

35

40

50

55

60

65

4

the RMS detector configured to compute a RMS value
based on an output voltage of the voltage/current sensing unit;
and

a comparator configured to compare the RMS value com-
puted and output from the RMS detector with a preset refer-
ence voltage to control a switching operation of the circuit
breaker.

According to yet still another aspect of the present disclo-
sure, the RMS detector is configured to suppress noise con-
tained in an output voltage of the voltage/current sensing unit.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention.

In the drawings:

FIG. 1 is a view illustrating the configuration of a RMS
detector according to an embodiment of the present disclo-
sure;

FIG. 2 is ablock diagram illustrating the configuration of a
square circuit unit according to an embodiment of the present
disclosure;

FIG. 3 is a circuit diagram illustrating the configuration of
a square function unit contained in the square circuit unit
according to an embodiment of the present disclosure;

FIG. 4 is a circuit diagram illustrating the configuration of
a root function unit contained in the square circuit unit
according to an embodiment of the present disclosure;

FIG. 5 is ablock diagram illustrating the configuration of a
circuit breaker to which the RMS detector is applied accord-
ing to an embodiment of the present disclosure; and

FIG. 6 is a waveform diagram a RMS average signal and a
comparator output signal which are output values of the RMS
detector contained in a circuit breaker according to an
embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, preferred embodiments of the present inven-
tion will be described in detail with reference to the accom-
panying drawings, and the same or similar elements are des-
ignated with the same numeral references regardless of the
numerals in the drawings and their redundant description will
be omitted.

FIG. 1 is a view illustrating the configuration of a RMS
detector 10 according to an embodiment of the present dis-
closure.

As illustrated in FIG. 1, the RMS detector 10 may include
a plurality of voltage/current sensing units 100, a plurality of
square circuit units 200, a summing circuit unit 300, and a
root circuit unit 400. However, all the constituent elements of
the RMS detector 10 as illustrated in FIG. 1 are not necessar-
ily required, and the RMS detector 10 may be implemented
with a greater or less number of elements than that of those
illustrated elements.

The voltage/current sensing unit 100 detects a voltage
shaped or current shaped analog signal of an arbitrary electric
load. Here, the arbitrary electric load may be a digital power
meter, a digital gas meter, a digital water meter, a digital relay,
an electric power meter, and the like.

Furthermore, upon detecting a current shaped analog sig-
nal, the voltage/current sensing unit 100 converts the detected
current shaped analog signal into a voltage shaped analog
signal.
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Furthermore, the voltage/current sensing unit 100 transfers
(in other words outputs) a voltage (for example, V,,,,
Vinzs - - -5 Vin) detected from the arbitrary electric load to the
square circuit unit 200 as illustrated in FIG. 1.

The square circuit unit 200 computes a square function
based on a voltage output from the voltage/current sensing
unit 100.

In other words, the square circuit unit 200 configures a
differential circuit based on a difterential voltage (V,,,-V,,,_)
which is an analog signal output from the voltage/current
sensing unit 100 to compute the square function. Further-
more, as illustrated in FIG. 2, the square circuit unit 200 can
comprise a square function unit 2006 that computes the
square function, a root function unit 200¢ that computes a root
function, and a differential circuit 200a for subtracting an
output current (I,) of the root function unit 200c from an
output current (I,) of the square function unit 2005.

Here, the square function unit 2006 may include a first
current source I, a second current source I, an output current
source I, and a plurality of transistors (for example, including
M, and M,,). Here, the voltages V,,,, and the V,,,_ are analog
signals output from the voltage/current sensing unit 100.

Here, one end of the first current source is connected to a
current supplying unit (not shown), and the other end thereof
is connected to a source of the first transistor (M, ). Further-
more, one end of the second current source I, is connected to
the current supplying unit (not shown), and the other end
thereof'is connected to a source of the second transistor (M,,).
Furthermore, the source of the first transistor (M,) is con-
nected to the first current source I,, and the gate thereof is
connected to a voltage output terminal of the voltage/current
sensing unit 100 from which output voltage V,,, is output,
and the drain thereof is connected to the output current source
I,

Furthermore, the source of the second transistor (M,) is
connected to the second current source 1, and the gate thereof
is connected to the voltage output terminal of the voltage/
current sensing unit 100 from which output voltage V,,,, is
output, and the drain thereof is connected to the output current
source I,.

One end of the output current source I, is connected to a
drain of the first transistor (M) and a drain of the second
transistor (M,), respectively, and the other end thereof is
connected to the ground.

Furthermore, as illustrated in FIG. 4, the root function unit
may include a first current source a second current source 1,,
a third current source I, +I,+1,, and a plurality of transistors
(for example, M;, M,, M and My). Here, the first current
source and a second current source 1, in FIG. 4 are not the
same as the first current source I, and the second current
source I, in FIG. 3.

Here, one end of the first current source I, is connected to
a current supplying unit (not shown), and the other end
thereof is connected to a source of the third transistor (M), a
gate of the fourth transistor (M,) and a gate of the fifth
transistor (My).

Furthermore, one end of the second current source 1, is
connected to a gate of the third transistor (M;) and a drain of
the fourth transistor (M,), and the other end thereof is con-
nected to the ground.

Furthermore, one end of the third current source I, +1,+1, is
connected to a current supplying unit (not shown), and the
other end thereofis connected to a source of the fifth transistor
(My). Furthermore, the source of the third transistor (M,) is
connected to the first current source I,, a gate of the fourth
transistor (M,) and a gate of the fifth transistor (M), and the

35

40

45

6

gate thereof is connected to the second current source 1, and
a drain of the fourth transistor (M,), and the drain thereof is
connected to the ground.

The source of the fourth transistor (M,) is the current
supplying unit, and the gate thereof is connected to the first
current source I, a source of the third transistor (M;) and a
gate of the fifth transistor (Ms), and the drain thereof is
connected to a gate of the third transistor (M;) and the second
current source I,. Furthermore, the source of the fifth transis-
tor (Ms) is the third current source I,+1,+l,, and the gate
thereof is connected to the first current source I, a source of
the third transistor (M;) and a gate of the fourth transistor
(M,), and the drain thereof is connected to a source and a gate
of'the sixth transistor (M6). Furthermore, the source and gate
of'the sixth transistor (M6) are connected to a drain of the fifth
transistor (M), and the drain thereof is connected to the
ground.

Furthermore, the output current source I, illustrated in FIG.
3 may be expressed as the following Equation 1 when apply-
ing a typical CMOS process among analog circuit design
methods.

I=1,+L=NT LK V,> [Equation 1]

Here, the trans conductance parameter “K” as a process
parameter is expressed as follows.

Cox-pt- W

K=
2L

Here, the “C_.” is a capacitor value on the gate oxide layer,
and the “p” is mobility, and the “W” is a width of the transis-
tor, and the “L.” is a length of the transistor.

Furthermore, the Equation 1 is configured with two func-
tions having a square function term and a root function term.

Furthermore, the “I,” illustrated in FIG. 4 is implemented
by a root function unit as illustrated in FIG. 4.

In other words, when the current I, flowing through the
third transistor (M) is equal to the current I, and the current
1, flowing through the fourth transistor (M,) is equal to the
current 1,, a gate-to-source voltage of the third transistor
(M;), fourth transistor (M,), fifth transistor (M) and sixth
transistor (M) is expressed as the following Equation 2 based
on a loop equation.

VstV

es3tVgsa= VstV

a6 [Equation 2]

Furthermore, when a basic current equation for CMOS,
=KV gS—Vth)z, is applied and a size ratio of the transistor is
(W/L); ,=4(W/L); 4, arelation between the currents I, I, and
I, +1,+1, illustrated in FIG. 4 is expressed as the following

Equation 3.
VE+V67VII+12+IP

Hence, the current 1, of the root function unit is expressed
as the following Equation 4.

[Equation 3]

L-TL [Equation 4]

Hence, for the square circuit unit 200, when the Equation 4
expressed as 1, in FIG. 4 is subtracted from the Bquation 1
expressed as [,in FIG. 3, the square function unit expressed as
the following Equation 5 is obtained.

I-L=KV,’ [Equation 5]

In this manner, the square circuit unit 200 has a configura-
tion as illustrated in FIG. 2, and the output of the square
circuit unit 200 has a square function characteristic.
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The summing circuit (in other words “adder circuit”) 300
sums (in other words “adds”) a plurality of output voltages
output from the plurality of square circuit units 200, respec-
tively.

In other words, the summing circuit unit 300 sums output
voltages in the form of square function units, respectively,
output from the plurality of square circuit units 200.

For an example, the summing circuit unit 300 sums output
voltages (for example, K-V, * KV, .2 KV, 2 ...,
K-V, »°) in the form of square functions, respectively, output
from the plurality of square circuit units 200 as illustrated in
FIG. 1 to output the summed voltage expressed as the follow-
ing Equation 6.

KV 24KV, 524KV, 2+ . . +K V0 [Equation 6]

The root circuit unit (in other words “RMS computing
unit”) 400 computes a RMS value based on a voltage output
from the summing circuit unit 300.

In other words, when the current from the current sources
11 and 12 illustrated in F1G. 4 are constant currents Ic, the root
circuit unit 400 computes and outputs the RMS value
expressed as the following Equation 7 based on a voltage
output from the summing circuit unit 300.

VI(KV,, 24KV, KV 24 KV, 0 [Equation 7]

As described above, the RMS detector 10 may be config-
ured with an analog circuit including the plurality of voltage/
current sensing units 100, the plurality of square circuit units
200, the summing circuit unit 300 and the root circuit unit
400, and thus directly compute a signal detected through the
relevant analog circuit without processes such as digital con-
version and computing processing of the central processing
unit to measure the RMS value.

Furthermore, as described above, the RMS detector 10 may
configure the entire configuration with an analog integrated
circuit through a CMOS process, and thus directly compute a
signal detected by the relevant analog integrated circuit to
measure the RMS value.

Furthermore, as described above, the RMS detector 10 may
measure RMS values at high speed by an analog circuit, and
thus may be applicable to application areas such as a circuit
breaker that requires high-speed RMS values or the like.

Furthermore, in order to calculate the RMS value, it may be
possible to implement the measurement value calculation
function through the configuration of such a simple analog
circuit, compared to a configuration with high cost elements,
such as microprocessor, memory and the like, that requires a
long computational processing time.

FIG. 5 is a block diagram illustrating the configuration of a
circuit breaker 20 to which the RMS detector 10 is applied
according to an embodiment of the present disclosure.

As illustrated in FIG. 5, the circuit breaker 20 may include
a voltage/current sensing unit 21 configured to detect a volt-
age shaped or current shaped analog signal of an arbitrary
electric load, the RMS detector 10 configured to compute a
RMS value based on an output voltage of the voltage/current
sensing unit 21, and a comparator 22 configured to compare
the RMS value computed (or output) from the RMS detector
with a preset reference voltage to control the switching opera-
tion of the circuit breaker 20.

Here, according to the circuit breaker 20 illustrated in the
drawing, a mechanism for performing a switching operation
on an actual circuit, such as a well-known switching mecha-
nism, typically contained in the circuit breaker will be con-
tained in the circuit breaker 20 as a matter of course, but the
illustration and description thereof will be omitted since it
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8

does not seem to be helpful in the understanding of the fea-
tures of the present disclosure.

Due to the foregoing configuration, as illustrated in FIG. 6,
even when noise 610 is contained in a voltage or current
sensing signal detected from the voltage/current sensing unit
21, a root mean square average value processing is primarily
carried out by a RMS average signal 620 which is an output
value of the RMS detector 10. Furthermore, noise 610 tem-
porarily exceeding the preset reference voltage is secondarily
detected by the comparator 22, and thus the resultant output
signal 630 of the comparator 22 can be constantly output with
no variation regardless of its temporary noise as illustrated in
the drawing. Accordingly, a circuit breaker control output
signal for controlling a switching mechanism of the circuit
breaker to be operated to a circuit opening position may not be
generated, thereby surely preventing a malfunction of the
circuit breaker 20 being operated to an opening position due
to noise.

Furthermore, a simple analog RMS detector 10 compared
to a method of using a peak detector or level detector may be
used, thereby allowing a fast detection with no delay due to its
computational time.

A RMS detector according to an embodiment of the
present disclosure may have a configuration in which a signal
detected through the analog circuit is directly computed to
measure a RMS value as described above, thereby easily and
conveniently producing the RMS value.

Furthermore, in a RMS detector according to an embodi-
ment of the present disclosure, the entire configuration of an
analog circuit for producing the RMS value may be integrated
into a circuit through a CMOS process or the like as described
above, thereby minimizing the entire size with low cost.

Furthermore, a RMS detector according to an embodiment
of'the present disclosure has a configuration for producing the
RMS value through an analog circuit, and thus a complicated
process such as analog-digital conversion, computation and
processing with the program and central processing unit or
the like may be not carried out, thereby enhancing the circuit
breaking speed when applied to application areas such as a
circuit breaker that requires high-speed RMS value acquisi-
tion or the like.

Furthermore, a RMS detector and a circuit breaker having
the relevant RMS detector according to an embodiment of the
present disclosure may have a configuration for performing a
root mean square calculation on a current or voltage in which
an output value of the RMS circuit is compared with a refer-
ence value by a comparator to output the resultant output
value, thereby preventing the reliability of a current or voltage
detection value that can be contained in the detected current
or voltage signal from being deteriorated as well as the rel-
evant circuit breaker from being malfunctioned.

It will be apparent to those skilled in this art that various
changes and modifications may be made thereto without
departing from the gist of the present invention. Accordingly,
it should be noted that the embodiments disclosed in the
present invention are only illustrative and not limitative to the
concept of the present invention, and the scope of the concept
of the invention is not limited by those embodiments. The
scope protected by the present invention should be construed
by the accompanying claims, and all the concept within the
equivalent scope of the invention should be construed to be
included in the scope of the right of the present invention.

What is claimed is:

1. A Root Means Square (RMS) detector, comprising:

a plurality of voltage/current sensing units configured to
detect a current-shaped analog signal of an arbitrary
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electric load and to convert the detected current shaped
analog signal into a voltage-shaped analog signal;

a plurality of square circuit units each configured to com-
pute a square function based on a voltage output from
one of the plurality of voltage/current sensing units;

a summing circuit unit configured to sum a plurality of
voltages output from the plurality of square circuit units;
and

a root circuit unit configured to compute an RMS value
based on a voltage output from the summing circuit unit,

wherein each of the plurality of square circuit units com-
prises:

a square function unit configured to compute the square
function;

a root function unit configured to compute a root function;
and

a differential circuit configured to subtract an output cur-
rent of the root function unit from an output current of
the square function unit.

2. The RMS detector of claim 1, wherein each square

function unit comprises:

afirst current source having one end connected to a current
supply unit and the other end connected to a source of a
first transistor;

a second current source having one end connected to the
current supply unit and the other end connected to a
source of a second transistor;

the first transistor having its source connected to the first
current source, its gate connected to a voltage output
terminal of a corresponding one of the plurality of volt-
age/current sensing units and its drain connected to an
output current source;

the second transistor having its source connected to the
second current source, its gate connected to the voltage
output terminal of a corresponding one of the plurality of
voltage/current sensing unit and its drain connected to
the output current source; and

the output current source having one end connected to each
of the drain of the first transistor and the drain of the
second transistor and the other end connected to a
ground.

3. The RMS detector of claim 1, wherein each root function

unit comprises:

afirst current source having one end connected to a current
supply unit and the other end connected to each of a
source of a first transistor, a gate of a second transistor
and a gate of a third transistor;

a second current source having one end connected to each
of a gate of the first transistor and a drain of the second
transistor and the other end connected to a ground;

athird current source having one end connected to a current
supply unit and the other end connected to a source of the
third transistor;

the first transistor having its source connected to each of the
first current source, the gate of the second transistor and
the gate of the third transistor, its gate connected to each
of'the second current source and the drain of the second
transistor and its drain connected to the ground;

the second transistor having its source connected to the
current supply unit, its gate connected to each of the first
current source, the source of the first transistor and a gate
of the third transistor and its drain connected to each of
the gate of the first transistor and the second current
source;

the third transistor having its source connected to the first
current source, its gate connected to each of the first
current source, the source of the first transistor and the
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gate of the second transistor and its drain connected to a
source and a gate of a fourth transistor; and

the fourth transistor having its source and its gate con-
nected to the drain of the third transistor and its drain
connected to the ground.

4. The RMS detector of claim 1, wherein:

the root circuit unit is further configured to compute the
RMS value according to the following equation based on
the voltage output from the summing circuit unit:

VI (KV, 24KV, 24KV 324 KV 0 2);

1.1s a constant current value supplied from a current supply
unit;

K is a trans conductance parameter; and

V,,.2 through V, . ? are voltages output from the plurality
of voltage/current sensing units.

5. A circuit breaker, comprising:

a voltage/current sensing unit configured to detect a volt-
age-shaped or current-shaped analog signal of an arbi-
trary electric load;

a Root Means Square (RMS) detector configured to com-
pute an RMS value based on an output voltage of the
voltage/current sensing unit; and

a comparator configured to compare the computed RMS
value with a preset reference voltage and to control a
switching operation of the circuit breaker,

wherein the RMS detector comprises:

a square circuit unit configured to compute a square func-
tion based on the output voltage of the voltage/current
sensing unit;

a summing circuit unit configured to sum a plurality of
voltages output from the square circuit unit; and

a root circuit unit configured to compute an RMS value
based on a voltage output from the summing circuit unit,
and

wherein the square circuit unit comprises:

a square function unit configured to compute the square
function;

a root function unit configured to compute a root function;
and

a differential circuit configured to subtract an output cur-
rent of the root function unit from an output current of
the square function unit.

6. The circuit breaker of claim 5, wherein the RMS detector
is further configured to suppress noise contained in the output
voltage of the voltage/current sensing unit.

7. The circuit breaker of claim 5, wherein the square func-
tion unit comprises:

a first current source having one end connected to a current
supply unit and the other end connected to a source of a
first transistor;

a second current source having one end connected to the
current supply unit and the other end connected to a
source of a second transistor;

the first transistor having its source connected to the first
current source, its gate connected to a voltage output
terminal of the voltage/current sensing unit and its drain
connected to an output current source;

the second transistor having its source connected to the
second current source, its gate connected to the voltage
output terminal of the voltage/current sensing unit and
its drain connected to the output current source; and

the output current source having one end connected to each
of the drain of the first transistor and the drain of the
second transistor and the other end connected to a
ground.
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8. The circuit breaker of claim 5, wherein the root function

unit comprises:

afirst current source having one end connected to a current
supply unit and the other end connected to each of a
source of a first transistor, a gate of a second transistor
and a gate of a third transistor;

a second current source having one end connected to each
of'a gate of the third transistor and a drain of the second
transistor and the other end connected to a ground;

a third current source having one end connected to the
current supply unit and the other end connected to a
source of the third transistor;

the first transistor having its source connected to each of the
first current source, the gate of the second transistor and
the gate of the third transistor, its gate connected to the
each of second current source and the drain of the second
transistor and its drain connected to the ground;

the second transistor having its source connected to the
current supply unit, its gate connected to each of the first
current source, the source the first transistor and a gate of
the third transistor and its drain connected each of the
gate of the first transistor and the second current source;
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the third transistor having its source connected to the first
current source, its gate connected to each of the first
current source, the source of the first transistor and the
gate of the second transistor and its drain connected to a
source and a gate of a fourth transistor; and

the fourth transistor having its source and its gate con-

nected to the drain of the third transistor and its drain
connected to the ground.

9. The circuit breaker of claim 5, wherein the root circuit
unit is further configured to compute the RMS value accord-
ing to the following equation based on the voltage output
from the summing circuit unit:

VKV, 24KV, 2+ KV 324 4KV 0 )

1.is a constant current value supplied from a current supply
unit;

K is a trans conductance parameter; and

V,,.° through V, . are voltages output from the plurality
of voltage/current sensing units.

#* #* #* #* #*



